
	  	  	  Homa	  Karimabadi	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  Many	  Great	  Collaborators	  
	  
�  2D	  global	  hybrid	  vs	  2D	  global	  full	  PIC	  vs	  global	  MHD	  
	  	  	  	  	  	  	  	  	  	  -‐	  turbulence,	  reconnection,	  space	  weather	  effects	  
�  3D	  global	  hybrid	  vs	  3D	  global	  MHD	  
	  	  	  	  	  	  	  	  	  	  	  -‐	  space	  weather	  effects,	  3D	  reconnection	  
�  Full	  PIC	  simulations	  of	  magnetotail	  –	  onset	  problem	  
�  3D	  full	  PIC	  simulations	  of	  turbulence	  



�  Self-‐generation	  of	  ion	  scale	  turbulence	  has	  global	  
consequences	  

	  	  	  	  	  	  	  	  	  	  	  	  -‐	  formation	  of	  jets	  reaching	  the	  magnetopause	  
	  	  	  	  	  	  	  	  	  	  	  	  -‐	  formation	  of	  large	  scale	  flow	  vortices	  
	  	  	  	  	  	  	  	  	  	  	  	  -‐	  Generation	  of	  large	  scale	  wavefronts	  
	  	  	  	  	  	  	  	  	  	  	  	  -‐	  	  Triggering	  of	  flux	  ropes	  at	  the	  magnetopause	  
	  	  	  	  	  	  	  	  	  	  	  	  -‐	  	  Generation	  of	  anomalous	  flows	  





























�  Confirms	  the	  generation	  of	  microreconnection	  as	  
observed	  in	  global	  hybrid	  

�  Confirms	  time-‐dependent	  reconnection	  at	  the	  
magnetopause	  and	  formation	  of	  magnetic	  flux	  
ropes	  as	  seen	  in	  global	  hybrid	  



a) b)islands 
generated by 

sheath 
turbulence

FTEs shock surface is 
broken up



Science target: coupling between magnetic reconnection and global geometry 
and the influence of external driving; Findings: unsteady, multiple X-line 
reconnection, structure of FTEs, etc, 
Applications: the Earth’s magnetosphere, other planetary magnetospheres 



The model yields important observational signatures 
that can be compared against satellite observations
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�  Major	  differences	  in	  the	  global	  structure	  of	  
magnetosphere	  in	  hybrid	  vs	  MHD	  



Dorelli & Bhattacharjee, 2008 

Magnetic nulls on the MP 



Tang et al., JGR, 118, 2013 



Note that null points are 
along the cusp regions  





caviton 



2D projection 



3D Hybrid 





“fan” like feature occurs at many spots along the bow shock! 



caviton 







�  Electron	  physics	  important	  in	  the	  onset	  problem	  +	  
details	  of	  dissipation	  



O+ 

Proton 
 



concept 

Solar Wind* 

*Alexandrova, et al., 2009 

2D fully kinetic simulation of 
flow-driven turbulence 

What is the 
dissipation 
mechanism in 
collisionless 
plasmas? 





�  Electron	  physics	  is	  important	  in	  questions	  related	  
to	  partitioning	  of	  energy,	  dissipation,	  and	  onset	  

�  Ion	  physics	  plays	  a	  key	  role	  in	  the	  generation	  of	  
turbulence	  on	  the	  dayside	  +	  formation	  of	  ring	  
currents,	  effects	  of	  O+,	  among	  others	  

�  Kinetic	  effects	  are	  important	  in	  space	  weather	  
studies	  

	  


